LIM homeodomain proteins are developmental regulators whose functions depend on synergism with LIM domain binding proteins (Ldb proteins). We have isolated four members of the ldb gene family from the zebrafish, Danio rerio. Ldb1, Ldb2 and Ldb3 share 95%, 73% and 62% amino acid identity with mouse Ldb1, respectively. In overlay assays, Ldb proteins bind LIM homeodomain proteins and LMO1, but not zyxin or MLP. Whole mount in situ hybridization showed that zebrafish ldb1 is expressed ubiquitously from gastrulation onward. Ldb2 is ubiquitous at gastrulation, and later is found in many but not all tissues, especially the anterior central nervous system (CNS) and vasculature. Ldb3 mRNA was expressed primarily in the anterior CNS.
Introduction
LIM homeodomain (LHX) proteins are important regulators of cell fate (Sánchez-García and Rabbitts, 1994; Dawid et al., 1995) . The pair of cystein-rich LIM domains appears to inhibit the function of LHX proteins (Sánchez-García et al., 1993; Taira et al., 1994) , suggesting the existence of LIM domain interacting proteins. Such proteins were discovered and named Ldb (Agulnick et al., 1996) , NLI (Jurata et al., 1996) , CLIM (Bach et al., 1997) . Ldb1 acts synergistically with the LHX protein Xlim-1 in vivo to induce axis duplication and gene activation (Agulnick et al., 1996) , participates in a transcriptional complex in erythroid development (Wadman et al., 1997) , and mediates synergism between LIM and Otx homeodomain proteins (Bach et al., 1997) . The Drosophila homolog of Ldb, CHIP, is required for segmentation (Morcillo et al., 1997) , and human and Caenorhabditis elegans homologs have been reported in the GenBank database. Here we report the isolation of four members of the ldb gene family from zebrafish; for three of these Ldb proteins we demonstrate binding to LIM domain proteins and illustrate their expression patterns during development. Zebrafish Ldb1 is highly conserved compared to mouse and Xenopus Ldb1, Ldb2 is 88% identical to CLIM-1a (Bach et al., 1997) , Ldb3 is a novel member of the family; Ldb4 is closely related to Ldb1 and will not be discussed further (Fig. 1) . For binding assays, Ldb proteins were expressed in bacteria in IPTG-inducible form ( Fig. 2A ) and transferred to filters. Labeled LIM proteins were obtained by in vitro translation (Fig. 2B ), and used in overlay assays. All three filter-bound Ldb proteins interacted effectively with LHX proteins and LMO1; these proteins contain LIM domains of A/B type . Ldbs did not interact with zyxin and MLP which contain LIM domains from a different sequence class (Fig. 2C) .
Ldb1 is expressed ubiquitously at all stages tested, although some variation in levels was noted (Fig. 3) . Ldb2 is ubiquitous at gastrulation (Fig. 4A ), but later becomes restricted to the anterior CNS and vascular tissues ( Fig.  4B-I ). Note especially high expression in the telencephalon, eyes, and the midbrain/hindbrain boundary, but weak spinal cord expression. The axial vascular tissues express (Agulnick et al., 1996) . Dashes indicate identity, spaces inserted for alignment are shown by dots. Accession numbers: ldb1, AF031375; ldb2, AF031376; ldb3, AF031377; ldb4, AF031378. . For information of clones used see Agulnick et al. (1996) and Dawid et al. (1995) . high levels of ldb2 and intersomitic vessels are also positive (Fig. 4H,I ). In contrast, notochord, somites and floor plate are negative. The expression pattern of ldb3 is distinct from that of ldb2. An early expression domain in paraxial cells (Fig.  5A) gives way to strong expression in the anterior CNS (Fig. 5B,D,F) , similar to but not identical to ldb2. Unlike ldb2, ldb3 is expressed in limited numbers of cells in the ventral spinal cord (Fig. 5B,C) , but not in vascular tissue.
Ldb4 is expressed ubiquitously similar to ldb1 (not shown).
The expression of individual ldb and LIM homeobox genes correlates in various regions and stages of embryogenesis. For example, ldb1 and ldb2 are expressed in the shield like lim1 and lim6, ldb2 and ldb3 expression in the telencephalon overlaps with that of lim5 and lim6 (Toyama et al., 1995b; Toyama and Dawid, 1997) , and ldb2 and lim3 and lim5 are coexpressed in the epiphysis (Glasgow et al., 1997) .
These results show that Ldb proteins form a small family. They are widely expressed but exhibit regulation of expression during development. Their interaction with LHX proteins which show overlapping patterns of expression, is likely to have broad developmental significance.
The methods used in the study were as described by Toyama et al. (1995a,b) , Toyama and Dawid (1997) and Agulnick et al. (1996) .
